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The palladium-catalyzed Sonogashira reaction is the most
powerful synthetic methodology for the introduction of a
triple bond into aromatic systems.[1] Since its discovery,[2]

several developments have been achieved to perform the re-
action more efficiently by using either homogeneous[3] or
heterogeneous[4] palladium catalysts. This coupling required
a palladium–copper catalyst mixture, but one of the early re-
search directions focused on the development of a copper-
free method[5] to suppress the copper-assisted Glaser-type
homocoupling of the terminal acetylenes,[6] which often ac-
companies the desired Sonogashira reaction. By applying
these conditions, in principle, the cheaper metal can be left
out of the reaction. If one considers economical aspects, the
omission of the expensive noble metal palladium, would
surely be preferable to the exclusion of copper.

Keeping this idea in mind, several attempts have already
been made to achieve the Sonogashira coupling in the ab-
sence of palladium, either in the presence of copper or
other transition metals, or under completely transition-
metal-free conditions. Although, in the latter case the reac-
tions work well with microwave irradiation, even with aryl
bromides as demonstrated by Leadbeater[7] and Van der
Eycken,[8] it is possible that palladium contaminants might
be responsible for the successful coupling. The effect of pal-
ladium impurities was demonstrated later by Leadbeater in
the case of the Suzuki coupling of aryl halides.[9] Although
iron[10] and gold[11] seemed to be suitable alternatives to pal-
ladium in the Sonogashira coupling, the significance of gold
was found to be unlikely, as recently demonstrated by Espi-
net, Echavarren, and co-workers.[12] Moreover, the catalytic

inactivity of iron has also been proved in the Suzuki reac-
tion.[13]

The copper-catalyzed Sonogashira coupling has already
been developed by several research groups.[14] Venkatara-
man designed and applied copper catalysts containing phos-
phanes and phenanthroline ligands for the coupling of ter-
minal acetylenes with aryl iodides.[14h] The conditions devel-
oped by Taillefer and co-workers based on the application
of 1,3-dicarbonyl ligands, allows for the Sonogashira cou-
pling of electron deficient aryl iodides at 90 8C.[14i] Although
these palladium-free conditions work well for the Sonoga-
shira reaction, the possible role of palladium contaminants
has not been considered in these copper-catalyzed couplings.
Inspired by findings of Bolm and others on the dramatic
effect of ppm levels of copper catalyst in carbon–heteroa-
tom bond-forming reactions,[15] and Plenio�s note in connec-
tion with the palladium-free Sonogashira conditions,[16] we
intended to examine the sensitivity of the copper-catalyzed
Sonogashira-type coupling of aryl iodides to palladium im-
purities.

The complete separation of palladium- and copper-cata-
lyzed processes in the Sonogashira reaction is quite compli-
cated. First, it is challenging to set up reactions containing
only one of the metals (copper or palladium), especially
when the impurity level is held to a minimum (ppb level).[5h]

Secondly, the supposed mechanism of the classic palladium-
catalyzed transformation includes a copper-assisted transme-
talation step, which requires a copper co-catalyst
(Scheme 1). As a consequence, in a catalytic cycle based on
a copper catalyst (Scheme 1, cycle A) the so-formed copper
acetylide species (3) may react with the aryl palladium
halide (8) and enter into the palladium cycle (Scheme 1,
cycle B), even if the amount of this palladium adduct is neg-
ligible at the first glance (ppb level). Considering the dual
existence of two possible operating cycles, we cannot be cer-
tain that the coupled product (10) forms through the copper
cycle (cycle A) or the palladium cycle (cycle B).

During our preliminary studies we have found that not
only the purity of the copper source is important, but the
purity of the base, the acetylene, and the equipment should
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also be considered.[17] With the use of 2.5 mol % Cu-ACHTUNGTRENNUNG(PPh3)2NO3 prepared from Cu ACHTUNGTRENNUNG(NO3)2 (with 99.999 %
purity), the coupling of phenylacetylene and iodobenzene
afforded the desired diphenylacetylene with only 1 % con-
version after 24 h in toluene at 110 8C. Reactions carried out
with 2.5 mol% and 10 mol % of Venkataraman�s Cu-
PhenPPh3NO3 complex showed 14 % and 25 % conversions,
respectively, after 24 h, which is significantly lower than the
value described earlier.[14f,h,18]

Systematic studies on the effect of palladium have re-
vealed the high sensitivity of the coupling to palladium con-
taminants, Figure 1 shows the dependence of the conversion
on [PdCl2 ACHTUNGTRENNUNG(PPh3)2] loading in the range of 0–10 ppm. Even
the presence of 100 ppb of palladium complex caused signif-
icant rate acceleration and the use of 10 ppm of palladium

led to complete coupling in
24 h in the case of both copper
catalysts.[19]

Amines are more frequently
used than inorganic bases for
the traditional palladium-cata-
lyzed Sonogashira coupling.
Furthermore, they have multi-
ple roles both in the single
metal-catalyzed and palladium–
copper systems. These organic
bases enhance the deprotona-
tion of the acetylene and are
able to coordinate to both the
copper and the palladium. By
coordination to the copper, the
formation of monomeric copper
acetylide (3) is favored over the
unreactive polynuclear species

(4) (Scheme 1, amine effects).[20,21]

In the course of examining the amine effect, in the pres-
ence of K2CO3 (2.0 equiv) and 30 mol % of n-hexylamine,
N,N-DMEDA, N,N’-DMEDA, TMEDA, or phenanthroline
(DMEDA=dimethylethylenediamine, TMEDA= tetrame-
thylethylenediamine) we observed 10, 17, 40, 7, and 10 %
conversions, respectively, after 24 h in the [Cu ACHTUNGTRENNUNG(PPh3)2NO3]
catalyzed coupling of iodobenzene with phenylacetylene at
110 8C. Amongst these bases N,N’-DMEDA proved to be
the most efficient and other bases showed moderate activity.
Additionally, application of 1,3-bis(diphenylphosphanyl)pro-
pane (dppp) as a good coordinating, but non-basic ligand
completely shut down the reaction.[22] These results support
our assumption regarding the importance of both basic char-
acter and coordinating ability of the amine.[21,23]

The examination of the effect of palladium on the [Cu-ACHTUNGTRENNUNG(PPh3)2NO3]-catalyzed reaction in the presence of amine
showed that the system is even more sensitive to palladium.
Addition of 30 mol % N,N’-DMEDA ensures almost com-
plete conversion even with 100 ppb palladium in 24 h. Bi-
dentate amines N,N-DMEDA and N,N’-DMEDA are still
more efficient than hexylamine, but the differences in con-
versions are significantly smaller than those found in the ab-
sence of palladium.[22,24]

Comparison of the palladium content–conversion curves
(Figure 2) shows that even 10 ppb of added palladium signif-
icantly accelerates the transformation in the presence of
hexylamine.[25]

Examination of different types of palladium sources
showed that the type of the palladium source had no signifi-
cant influence on the reaction.[26] Application of 100 ppb
[PdCl2ACHTUNGTRENNUNG(PPh3)2], PdACHTUNGTRENNUNG(OAc)2, [Pd2dba3] (dba= dibenzylidene-ACHTUNGTRENNUNGacetone), and [Pd ACHTUNGTRENNUNG(PPh3)4] catalysts in the presence of hexyl-ACHTUNGTRENNUNGamine gave 46–55 % conversion after 6 h and 83–90 % in
24 h.

Only the [PdCl2ACHTUNGTRENNUNG(dppp)], complex produced lower reactivi-
ty compared with other palladium sources (11 and 36 % con-
versions after 6 and 24 h, respectively). The inhibition effect

Scheme 1. Proposed mechanism of the copper- and palladium-catalyzed synergistic coupling of acetylenes and
aryl halides.

Figure 1. Effect of palladium content on the coupling of iodobenzene and
phenylacetylene. Reaction conditions: [Cu ACHTUNGTRENNUNG(PPh3)2NO3] (0.025 mmol,
2.5 mol %), iodobenzene (1.0 mmol), phenylacetylene (1.0 mmol), K2CO3

(2.0 mmol), 110 8C, argon. Conversions were determined by GC. &=0,
&=1, *=10, *=100, ~=1000, ~=10 000 ppb Pd.
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of the bidentate phosphane ligand on the palladium catalysis
is congruent with our earlier observation regarding the dele-
terious effect of dppp on the [Cu ACHTUNGTRENNUNG(PPh3)2NO3]-catalyzed re-
action. We suppose that the addition of chelating phos-
phanes diminished the activity of the palladium catalysts in
the coupling.

Relying on literature data and inductively coupled plasma
mass spectrometry (ICP-MS) analysis regarding the ppb
levels of palladium contents of some reactants[27] used for
the reaction, coupled with the observed sensitivity of the re-
action to traces of palladium, we questioned the relevance
of copper catalysis under the applied conditions. To exclude
the copper cycle, we next examined the copper loading de-
pendence on the reaction, both in the presence and in the
absence of added palladium. The copper loading–conversion
curves showed saturation profiles in the range of 0–
2.5 mol % independent to the amount of amine (15, 30,
60 mol % hexylamine) used for the reactions (Figure 3, top).
Although, these observations correlate with Bolm�s find-
ings[21] and can be explained with the polymeric resting state
of the formed copper acetylide, further increase of the
copper loading (up to 40 %) accelerated the reaction
(Figure 3, bottom). The observed copper loading depend-
ence suggests that the copper may act both as a catalyst or
just a co-catalyst and palladium supplier for a traditional
palladium-catalyzed Sonogashira coupling.[28]

Contrary to the observed experimental results rate, accel-
eration should not be observed when the copper loading in-
creases, if one considered both the relevance of polymer for-
mation from the copper and acetylene, and pure copper cat-
alysis. Decreasing the amine/copper ratio (by increasing the
copper loading, while maintaining the amount of amine)
shifts the polymer–monomer equilibrium to the formation
of catalytically inactive polynuclear acetylide species. At a

given copper concentration the conversions increased signif-
icantly with the increased amount of hexylamine (15, 30,
and 60 mol %), and the shapes of concentration–conversion
curves were found to be parallel to each other (Figure 3).
The positive effect of the amine on the conversion can be
explained with larger amounts of copper acetylide mono-
mers present in the reaction mixture and with the better sol-
ubilization of the formed copper acetylide species in nonpo-
lar media. Both are crucial for either copper catalysis or
feeding the very fast palladium cycle.

To distinguish between these two possible roles of copper
complexes we examined the influence of the copper loading
in the presence of added 10 ppb palladium and 30 mol %
hexylamine. Results of these studies showed saturation-type
dependence of the conversion on copper amount (Figure 3,
top). The reaction rate increases precipitously with in-

Figure 2. Effect of palladium content on the coupling of iodobenzene and
phenylacetylene in the absence (*) and in the presence of 30 mol % hex-
ylamine (&). Reaction conditions: [Cu ACHTUNGTRENNUNG(PPh3)2NO3] (0.025 mmol,
2.5 mol %), iodobenzene (1.0 mmol), phenylacetylene (1.0 mmol), K2CO3

(2.0 mmol), 110 8C, argon. Conversions were determined after 24 h reac-
tion time by GC.

Figure 3. Effect of copper loading on the coupling of iodobenzene and
phenylacetylene in the absence and in the presence of palladium. Reac-
tion conditions: [Cu ACHTUNGTRENNUNG(PPh3)2NO3] (0.025 mmol, 2.5 mol %), iodobenzene
(1.0 mmol), phenylacetylene (1.0 mmol), hexylamine (0, 0.15, 0.3, or
0.6 mmol), K2CO3 (2.0 mmol), 110 8C, argon. Conversions after 24 h were
determined by GC. &=60% hexylamine, *=30 % hexylamine, !=15 %
hexylamine, ~=30% hexylamine +10 ppb Pd.
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creased copper loading in the range of 0–5 mol %, and be-
comes independent from 5 mol%. The presence of 10 ppb
palladium complex ensures the work of active palladium
cycles with extremely high turnover numbers. When the
amount of copper is increased to 5 mol% (data points in the
function of 0–5 mol % Cu, Figure 3), the exploitation of the
palladium cycle is maximized, and further amounts of
copper acetylide do not cause conversion enhancement.
Similarly, in the reactions carried out without added palladi-
um, the saturation point was reached at 0.25 mol % copper
content supposedly due to the lower palladium level of the
reaction mixture. On the basis of the observations, the simi-
larity of these plot profiles (reactions without added palladi-
um between 0–2.5 % copper content and 10 ppb palladium-
catalyzed reactions in the range of 0–40 % copper content)
suggests the significant role and catalytic activity of palladi-
um contaminants in the components of the reaction.

In conclusion, we have demonstrated that the ppb levels
of palladium impurities have a dramatic effect on the so-
called copper-catalyzed Sonogashira reaction. The previous
studies claim the existence of a copper-mediated catalytic
cycle, but the significant sensitivity of the reaction to palla-
dium contaminants questions this notion. However, the
presence of copper in this coupling is undoubtedly very im-
portant, but on the basis of our results, we suppose that
copper complexes play a role only in the formation of the
copper acetylide species. Moreover, amines have multiple
important roles in the coupling. They support the formation
of the monomeric copper acetylide species from polymeric
reservoirs by coordination, increase the solubility of the
transition-metal complexes in organic media, and play im-
portant roles in the deprotonation of the acetylenes.

We suppose that the commercially available copper, car-
bonate, amine, and acetylene materials supply enough palla-
dium for the “copper-catalyzed” Sonogashira coupling. Ad-
ditionally, with the appropriate choice of reaction condi-
tions, the power of the palladium could be fully exploited,
and the developed reaction conditions offer an applicable,
economic, and achievable synthesis of diaryl acetylenes
using ppb amounts of palladium.

The demonstrated sensitivity of the reaction to palladium
revealed mechanistic reconsiderations in connection not
only with the Sonogashira coupling but, also, more tradition-
al cross-coupling reactions performed under “palladium-
free” conditions. We believe that when copper is present,
the palladium is the engine of the Sonogashira coupling and
the copper is just the fuel for its appropriate work by sup-
plying the acetylide for transmetalation.

Finally, the prophecy of Plenio,[16] at least regarding the
Sonogashira coupling: “The Crownless Again Shall Be
King” has now been fulfilled.
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sőoktat�si Kçzalap�tv�ny, EEA, and Norway Grants are gratefully ac-

knowledged. Financial support from the OTKA-NKTH CK 80763 is also
acknowledged. The authors thank J. Daru for fruitful discussions and sug-
gestions.

Keywords: alkynes · copper · cross-coupling · palladium ·
synthetic methods

[1] a) H. Doucet, J.-C. Hierso, Angew. Chem. 2007, 119, 850; Angew.
Chem. Int. Ed. 2007, 46, 834; b) R. Chinchilla, C. Najera, Chem.
Rev. 2007, 107, 874.

[2] K. Sonogashira, Y. Tohda, N. Hagihara, Tetrahedron Lett. 1975, 16,
4467.

[3] a) S. Roy, H. Plenio, Adv. Synth. Catal. 2010, 352, 1014; b) C. Tor-
borg, J. Huang, T. Schulz, B. Schaeffner, A. Zapf, A. Spannenberg,
A. Boerner, M. Beller, Chem. Eur. J. 2009, 15, 1329; c) K. W. Ander-
son, S. L. Buchwald, Angew. Chem. 2005, 117, 6329; Angew. Chem.
Int. Ed. 2005, 44, 6173; d) A. F. Littke, G. C. Fu, Angew. Chem.
2002, 114, 4350; Angew. Chem. Int. Ed. 2002, 41, 4176; e) M. R.
Eberhard, Z. Wang, C. M. Jensen, Chem. Commun. 2002, 818; f) Y.
Chenyi, H. Ruimao, J. Org. Chem. 2006, 71, 2535; g) C. A. Flecken-
stein, H. Plenio, Chem. Eur. J. 2007, 13, 2701. A. Kçllhofer, T. Pull-
mann, H. Plenio, Angew. Chem. 2003, 115, 1086; Angew. Chem. Int.
Ed. 2003, 42, 1056; h) D. Gelman, S. L. Buchwald, Angew. Chem.
2003, 115, 6175; Angew. Chem. Int. Ed. 2003, 42, 5993; i) A. Kçllhof-
er, H. Plenio, Adv. Synth. Catal. 2005, 347, 1295.

[4] a) A. Kom�romi, Z. Nov�k, Chem. Commun. 2008, 4968; b) M.-J.
Jin, D.-H. Lee, Angew. Chem. 2010, 122, 1137; Angew. Chem. Int.
Ed. 2010, 49, 1119; c) M. Erd�lyi, A. Gogoll, J. Org. Chem. 2003, 68,
6431; d) P. D. Stevens, G. Li J. Fan, M. Yen, G. Max; Y. Gao, Chem.
Commun. 2005, 4435; Y. Gao, Chem. Commun. 2005, 4435; e) Z.
Nov�k, A. Szab�, J. R�p�si, A. Kotschy, J. Org. Chem. 2003, 68,
3327.

[5] a) A. Kom�romi, G. L. Tolnai, Z. Nov�k, Tetrahedron Lett. 2008, 49,
7294; b) A. Soheili, J. Albaneze-Walker, J. A. Murry, P. G. Dormer,
D. L. Hughes, Org. Lett. 2003, 5, 4191; c) N. E. Leadbeater, B. J. To-
minack, Tetrahedron Lett. 2003, 44, 8653; d) S. Urgaonkar, J. G. Ver-
kade, J. Org. Chem. 2004, 69, 5752; e) C. S. Consorti, F. R. Flores, F.
Rominger, J. Dupont, Adv. Synth. Catal. 2006, 348, 133; f) A. John,
M. M. Shaikh, P. Ghosh, Dalton Trans. 2009, 10581; g) Y.-Y. Kuang,
F. E. Chen, Helv. Chim. Acta 2009, 92, 897; h) Note: the effect of
copper impurities has not been examined yet in the Pd-catalyzed
“copper-free” version of Sonogashira coupling reactions.

[6] C. Glaser, Ber. Dtsch. Chem. Ges. 1869, 2, 422.
[7] N. E. Leadbeater, M. Marco, B. J. Tominack, Org. Lett. 2003, 5,

3919.
[8] P. Appukkuttan, W. Dehaen, E. Van der Eycken, Eur. J. Org. Chem.

2003, 4713.
[9] R. K. Arvela, N. E. Leadbeater, M. S. Sangi, V. A. Williams, P. Gran-

ados, R. D. Singer, J. Org. Chem. 2005, 70, 161.
[10] a) M. Carril, A. Correa, C. Bolm, Angew. Chem. 2008, 120, 4940;

Angew. Chem. Int. Ed. 2008, 47, 4862; b) D. N. Sawant, P. J. Tam-
bade, Y. S. Wagh, B. M. Bhanage, Tetrahedron Lett. 2010, 51, 2758;
c) C. Pan, F. Luo, W. Wang, Z. Ye, M. Liu, J. Chem. Res. 2009, 478.

[11] a) C. Gonz�lez-Arellano, A. Abad, A. Corma, H. Garc�a, M. Igle-
sias, F. S�nchez, Angew. Chem. 2007, 119, 1558; Angew. Chem. Int.
Ed. 2007, 46, 1536; b) A. Corma, C. Gonz�lez-Arellano, M. Iglesias,
S. P�rez-Ferreras, F. S�nchez, Synlett 2007, 1771; c) C. Gonz�lez-
Arellano, A. Corma, M. Iglesias, F. S�nchez, Eur. J. Inorg. Chem.
2008, 1107; d) P. Li, L. Wang, M. Wang, F. You, Eur. J. Org. Chem.
2008, 5946; e) O. M. A. de Souza, M. S. Bittar, L. V. P. Mendes, C.
Michele, F. da Silva, Synlett 2008, 1777.

[12] T. Lauterbach, M. Livendahl, A. Rosell�n, P. Espinet, A. M. Echa-
varren, Org. Lett. 2010, 12, 3006.

[13] a) R. B. Bedford, M. Nakamura, N. J. Gower, M. F. Haddow, M. A.
Hall, M. Huwea, T. Hashimoto, R. A. Okopie, Tetrahedron Lett.

Chem. Eur. J. 2010, 16, 11822 – 11826 � 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 11825

COMMUNICATIONImpact of ppb Levels of Palladium on Sonogashira Couplings

http://dx.doi.org/10.1002/ange.200602761
http://dx.doi.org/10.1002/anie.200602761
http://dx.doi.org/10.1002/anie.200602761
http://dx.doi.org/10.1021/cr050992x
http://dx.doi.org/10.1021/cr050992x
http://dx.doi.org/10.1016/S0040-4039(00)91094-3
http://dx.doi.org/10.1016/S0040-4039(00)91094-3
http://dx.doi.org/10.1002/adsc.200900886
http://dx.doi.org/10.1002/chem.200802444
http://dx.doi.org/10.1002/ange.200502017
http://dx.doi.org/10.1002/anie.200502017
http://dx.doi.org/10.1002/anie.200502017
http://dx.doi.org/10.1002/1521-3757(20021115)114:22%3C4350::AID-ANGE4350%3E3.0.CO;2-0
http://dx.doi.org/10.1002/1521-3757(20021115)114:22%3C4350::AID-ANGE4350%3E3.0.CO;2-0
http://dx.doi.org/10.1002/1521-3773(20021115)41:22%3C4176::AID-ANIE4176%3E3.0.CO;2-U
http://dx.doi.org/10.1039/b200453b
http://dx.doi.org/10.1002/chem.200601142
http://dx.doi.org/10.1002/ange.200390248
http://dx.doi.org/10.1002/anie.200390273
http://dx.doi.org/10.1002/anie.200390273
http://dx.doi.org/10.1002/ange.200353015
http://dx.doi.org/10.1002/ange.200353015
http://dx.doi.org/10.1002/anie.200353015
http://dx.doi.org/10.1002/adsc.200505095
http://dx.doi.org/10.1002/anie.200905626
http://dx.doi.org/10.1002/anie.200905626
http://dx.doi.org/10.1039/b505424a
http://dx.doi.org/10.1039/b505424a
http://dx.doi.org/10.1021/ol035632f
http://dx.doi.org/10.1016/j.tetlet.2003.09.159
http://dx.doi.org/10.1021/jo049325e
http://dx.doi.org/10.1002/adsc.200505310
http://dx.doi.org/10.1039/b913068c
http://dx.doi.org/10.1002/hlca.200800385
http://dx.doi.org/10.1002/cber.186900201183
http://dx.doi.org/10.1021/ol035485l
http://dx.doi.org/10.1021/ol035485l
http://dx.doi.org/10.1002/ejoc.200300587
http://dx.doi.org/10.1002/ejoc.200300587
http://dx.doi.org/10.1021/jo048531j
http://dx.doi.org/10.1002/ange.200801539
http://dx.doi.org/10.1002/anie.200801539
http://dx.doi.org/10.1016/j.tetlet.2010.03.063
http://dx.doi.org/10.1055/s-2007-984500
http://dx.doi.org/10.1002/ejoc.200800765
http://dx.doi.org/10.1002/ejoc.200800765
http://dx.doi.org/10.1021/ol101012n
http://dx.doi.org/10.1016/j.tetlet.2009.08.022
www.chemeurj.org


2009, 50, 6110; b) D. B�zier, C. Darcel, Adv. Synth. Catal. 2010, 352,
1081.

[14] a) J. H. Li, J. L. Li, D. P. Wang, S. F. Pi, Y. X. Xie, M. B. Zhang,
X. C. Hu, J. Org. Chem. 2007, 72, 2053; b) K. Okuro, M. Furuune,
M. Enna, M. Miura, M. Nomura, J. Org. Chem. 1993, 58, 4716; c) P.
Saejueng, C. G. Bates, D. Venkataraman, Synthesis 2005, 1706;
d) M. B. Thathagar, J. Beckers, G. Rothenberg, Green Chem. 2004,
6, 215; e) C. G. Bates, P. Saejueng, D. Venkataraman, Org. Lett.
2004, 6, 1441; f) C. G. Bates, P. Saejueng, J. M. Murphy, D. Venka-
taraman, Org. Lett. 2002, 4, 4727; g) S. Cacchi, G. Fabrizi, L. M.
Parisi, Org. Lett. 2003, 5, 3843; h) R. K. Gujadhur, C. G. Bates, D.
Venkataraman, Org. Lett. 2001, 3, 4315; i) F. Monnier, F. Turtaut, L.
Duroure, M. Taillefer, Org. Lett. 2008, 10, 3203; j) D. Ma, F. Liu,
Chem. Commun. 2004, 1934; k) M. Beaup�rin, A. Job, H. Cattey, S.
Royer, P. Meunier, J.-C. Hierso, Organometallics 2010, 29, 2815;
l) G. Thakur, E. A. Jaseer, A. B. Naidu, G. Sekar, Tetrahedron Lett.
2009, 50, 2865; m) K. G. Thakur, G. Sekar, Synthesis 2009, 5091.

[15] a) P.-F. Larsson, A. Correa, M. Carril, P.-O. Norrby, C. Bolm,
Angew. Chem. 2009, 121, 5801; Angew. Chem. Int. Ed. 2009, 48,
5691; b) S. L. Buchwald, C. Bolm, Angew. Chem. 2009, 121, 5694;
Angew. Chem. Int. Ed. 2009, 48, 5586.

[16] “Nonetheless, behind all of these results lingers the nagging question
as to whether the Sonogashira activity might have resulted from
minute amounts of palladium impurities in certain reagents used for
the cross-coupling reactions.” H. Plenio, Angew. Chem. 2008, 120,
7060; Angew. Chem. Int. Ed. 2008, 47, 6954.

[17] We have found that Pd contamination of CuI, Cs2CO3, phenylacety-
lene, and the stirrer bar caused high conversions. For details see the
Supporting Information.

[18] Concentration of reactants in our study was 3.75 times larger than
was used in ref. [14c,f,h]. For concentration dependence, see the
Supporting Information.

[19] The presence of 1–10 ppm palladium gave an identical reaction pro-
file to literature data regarding copper catalyzed transformations

(ref. [14f]). The positive effect of palladium was also observed in the
presence of the [CuPhenPPh3NO3] complex. See the Supporting In-
formation.

[20] J. E. Heinre, V. V. Fokin, Chem. Soc. Rev. 2010, 39, 1302.
[21] E. Zuidema, C. Bolm, Chem. Eur. J. 2010, 16, 4181.
[22] For data see the Supporting Information.
[23] As was suggested by Bolm and Zuidema, bidentate ligands ensure

the formation of ligated copper acetylide monomers from copper
acetylide polymers, which are necessary for the copper cycle. With
the application of excess bidentate ligand, such as DMEDA, the
polymer-monomer equilibrium could be shifted to monomer result-
ing in enhanced catalytic activity. On the contrary, the bidentate
phosphane dppp has a deleterious effect on the coupling.

[24] For data see the Supporting Information. For further studies we
used hexylamine as the organic base for economic reasons.

[25] The positive effect of the amine also was observed in the presence
of [CuPhenPPh3NO3] complex, see the Supporting Information.

[26] For data, see the Supporting Information.
[27] For the purity of copper see references [21] and [14a]; on the basis

of ICP-MS analysis the copper complex contained �6 ng g�1 palladi-
um; for the purity of carbonates see reference [9]; on the basis of
ICP-MS analysis the K2CO3 contained 2.4 ng g�1 palladium. Calcu-
lating with the measured palladium content of the K2CO3, addition
of 2.0 equiv base supplies 6 ppb (mol) Pd for the coupling.

[28] Supposing that the copper contains palladium ligated by PPh3, with
the addition of copper complex to the reaction mixture, the highly
active palladium catalyst content also increases and its effect domi-
nates when the amount of copper complex exceeds 2.5 mol %. Cal-
culating with the measured palladium content of the copper com-
plex (6 ng g�1 Pd content), addition of 2.5 mol % [Cu ACHTUNGTRENNUNG(PPh3)2NO3]
supplies 1 ppb (mol) Pd for the coupling.

Received: July 4, 2010
Published online: September 6, 2010

www.chemeurj.org � 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2010, 16, 11822 – 1182611826

Z. Nov�k et al.

http://dx.doi.org/10.1016/j.tetlet.2009.08.022
http://dx.doi.org/10.1021/jo0623742
http://dx.doi.org/10.1021/jo00069a040
http://dx.doi.org/10.1039/b401586j
http://dx.doi.org/10.1039/b401586j
http://dx.doi.org/10.1021/ol049706e
http://dx.doi.org/10.1021/ol049706e
http://dx.doi.org/10.1021/ol0272040
http://dx.doi.org/10.1021/ol035378r
http://dx.doi.org/10.1021/ol0170105
http://dx.doi.org/10.1021/ol801025u
http://dx.doi.org/10.1039/b407090a
http://dx.doi.org/10.1016/j.tetlet.2009.03.146
http://dx.doi.org/10.1016/j.tetlet.2009.03.146
http://dx.doi.org/10.1002/ange.200902236
http://dx.doi.org/10.1002/anie.200902236
http://dx.doi.org/10.1002/anie.200902236
http://dx.doi.org/10.1002/ange.200902237
http://dx.doi.org/10.1002/anie.200902237
http://dx.doi.org/10.1002/ange.200802270
http://dx.doi.org/10.1002/ange.200802270
http://dx.doi.org/10.1002/anie.200802270
http://dx.doi.org/10.1002/chem.201000344
www.chemeurj.org

